CLAIMS 

1. A method of providing a correcting for a slave instrument, of the kind measuring 
properties of an object by exposing the object to electromagnetic radiation, in particular X- 
5 rays, in at least two spectral ranges and obtaining one or more object responses thereto, 
the responses being based on detecting attenuation and/or reflection and/or scatter of the 
electromagnetic radiation in/from the object by use of one or more detectors and are 
obtained in a form where they express properties either directly or via a transformation, 
said method of correcting comprising 
10 - obtaining, for a plurality of stable objects, a set of responses comprising one or 

more pair of related responses (QuJ and.Q^ representing measurements in the 
at least two spectral ranges performed with the slave instrument and a set of 
responses, comprising one or more pair of related responses (CW m and Qhigh") 
representing measurements in the at least two spectral ranges performed with a 
15 master instrument, 

to each pair of related responses (Qia» s and Q m B ) of the slave instrument 
corresponds a pair of related responses .(Q lew m and 0*®?) of the master 
instrument, 

and to each element in each pair of responses (Q,ow s and Qwgh 8 ) of the 
2Q slave instrument corresponds an element in the corresponding pair of 
responses (CW* and Qwgh" 1 } of the master instrument; 
- determining based on the sets of responses a correcting function being a 
functional relationship between a ratio of related responses of the master 
instrument and a sum of a plurality of terms, each term being a product of a 
25 correcting coefficient (BO and powers of related responses (Qio/ and Qwgh 8 ) of the 
slave instrument, wherein each response being raised to a power being a positive 
or negative real number, or zero, thereby determining a first set of correcting 
coefficients (B 0 ; B,; B 2 ) being multiplied on each of the terms; 

and 

30 - storing the first set of correcting coefficients (B 0 ; Br, B 2 ) in memory means 

included in or adapted for communication with data processing means included in 
or adapted for communication with the slave instrument. 
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2. A method according to claim 1, wherein, initially, at a manufactures site 
measuring the plurality of stable objects on a master instrument, thereby obtaining 
the set of responses representing measurements performed with the master 
instrument (Qiow m and Qwgh" 1 ). 

storing the set of responses (Q, w m and Q W g h m ) as a set of constant values in 
memory means, which is accessible from a slave instrument, when measuring the 
corresponding stable objects on a slave instrument in order to carry out a. method 
of providing a correcting according to claim 1. 

3. A method according to claim 2, wherein the set of responses measured by the master 
instrument is stored in memory means included in or adapted for communication with data 
processing means included in or adapted for communication with the slave instrument. 

IS 4. A method according to claim 1 , 2 or 3, wherein the determination of the correcting 
function being based on a regression method. 

5. A method according to claim 4, wherein the regression method is selected from the 
group consisting of principal component regression, multiple linear regression, partial 

20 least squares regression, and artificial neural networks. 

6. A method according to any of the preceding claims, wherein the correcting function 
comprising a plurality of terms of the following form Q, w n1 * Qw B h m1 wherein n1 and m2 are 
real numbers and/or integers, and n1 is positive. 

25 

7. A method according to claim 6, wherein the correcting function comprising at least 
three of the following terms: Q t(W , Qwgh. Qio* 2 . Qtngh 2 and Qiow / Qwgh • 

8. A method according to claim 6, wherein the correcting function comprising at least 
30 three of the following terms: Q I(W * Q h ig h ; Qtow^Qhigt.; Q** * <W; Qto* 2 /QhWb Q»ow ' Q «gh • 

CW 2 /Qhigh 2 ; Qlov/'Qhigh 2 . 
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9,A method according to any of the preceding claims, wherein the correcting function is of 
the form: 

QL_ = B| QU +B 2 Q 5 hiih +B 3 Q| 0W 2 +B 4 Q s high 2 + B 5 Q? 0W Q s hiBh +B 6 Q^ v 2 Q s hiBb +B 7 Q? 0W Q s hiBh 2 



2 

+ B n 



Qhigh Qhifib Qhijh L Vh '8»J 

5 10. A method according to any of the preceding claims, further comprising determining 
based on the sets of responses a further correcting function being a functional relationship 
between responses of the slave instrument (CW or. Q hIgh s ) and related responses (Q low m 
or Q Wgh ,n ). of the master instrument, thereby determining a second set of correcting 

10 coefficients (a; p). 

1 1. A method according to claim 10, wherein the further correcting function being a 
functional relationship between a high energy response of the slave instrument (Q high s ) 
and the related high energy response (Qta gh m ) of the master instrument. 

.15 

1 2. A method according to claim 1 1 , wherein the further correcting function is determined 
by use of univariate linear regression. 

13. A method according to claim 12, wherein the further correcting function being of the 
20 form Q hi gh ,n = a-QhiBh 5 + P- 

14. A method according to any of the preceding claims, wherein the set of responses for 
the master instrument and the set of responses for the slave instrument each comprise 
one pair of related responses for each stable object comprised in the plurality of stable 

25 objects. 

15. A method according to any of the preceding claims, wherein the related responses are 
obtained based on measuring on objects being conveyed. 

30 16. A method according to any of the preceding claims, wherein each of the responses 
(Q) is an intensity (I), if necessary corrected with respect to dark current of the detectors. 
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17. A method according to any of the claims 1-15, wherein each of the responses is a 
transmittance (T) being derived from intensity as a ratio between intensity resulting from 
measuring on an object and reference intensity. 

5 18. A method according to any of the claims 1-15, wherein each of responses is an 
absorbance being defined as the negafive logarithm to a transmittance (A=-log(T)) such 
as logarithm base 10, the natural logarithm, or any other logarithmic function. 

19. A method according to any of the claims 1-15, wherein the responses for both the 
10 master and the slave instruments are absorbances being determined by calculating 

A tow -log„ [ ^-^(low) j andA ^- l08 i l.(high)-I^<high) . 
wherein the intensities (t) are obtained in a measuring region of the master instrument 
respectively the slave instrument by: 

exposing the object in the measuring region to low and high X-ray energies and 
15 detecting with detectors the intensities Inflow) and l^high) respectively 

detecting the intensities Inflow) and Whigh) from said detectors when no 

radiation reaches them; 

and 

exposing said detectors to the low and high X-ray energies signals when no object 
20 is present in the measuring region and detecting Wlow) and Whigh).. 

20. A method according to any of the claims 1-15, wherein each of the responses is a 
reflectance (R) expressing the reflectance from the surface of the object. 

25 21. A method according to claim 19, wherein the reflectance (R) is linearized, preferably 
using the Kubelka-Munk transform (K/S=(1-R)/2R). 

22. A method of correcting responses representing measurements performed with a slave 
instrument of the kind measuring properties of an object by exposing the object to 
30 electromagnetic radiation, in particular X-rays, in at least two spectral ranges and 

obtaining one or more object responses thereto, the responses being based on detecting 
attenuation and/or reflection and/or scatter of the electromagnetic radiation in/from the 
object by use of one or more detectors and are obtained in a form where they express 
properties either directly or via a transformation, said method comprising for an object 



OAIM/26074PC01/PJN/PW23-10-03 • - : t ^ ; ^. Last printed 31/10/03 9.59 



34 



10 - 
and 



determining based on measurements with the slave instrument a pair of related 
responses (CW S and Q Wgh 8 ) representing measurements in the at least two 
spectral ranges performed with the slave instrument, 
determining a ratio flW Q**T employing a correcting function being a 
functional relationship between a ratio of related responses of the master 
instrument and comprising a sum of a plurality of terms, each term being a 
product of a correcting coefficient (B.) and powers of related responses (Q I(W S and 
Q high s ) of the slave instrument wherein each response being raised to a power 
being a positive or negative real number, or zero, 

providing Q^T either by assuming that Q^T is substantially equal to Q Kgh s or 
by use of a further correcting function correlating 0^°°* with Q N gh S > 1 



ncorr 



calculating CW 6wr as Qwgh 00 "' * [<W QwghF 
thereby providing a set of corrected responses. 

15 

23 A method according to claim 22, wherein the further correcting function being of the 
formQhigh Corr = a-Qhi 9 h 8 + P- 

24 A method according to claim 22 or 23, wherein the correcting function comprises 
20 terms of the following form QW 1 * Q«* m1 . wherein n1 andm2 are real numbers and/or 

integers, and wherein n1 is positive. . 

25. A method according to any of the claims 22-24, wherein the correcting function 
comprises at least three of the following terms: CW. Qhigh. Qi™ , Qhigh 2 and .0,™ / Q h .gh . 

25 

9R a method accordina to any of the claims 22-25, wherein the correcting functic ^ 



26. A method according to any of the claims 22-25, wherein the correcting function 
comprising at least three of the following terms: CW Qhigh'. Qi™ *Qhigh; Q.™ * Qwgh I Qi™ 
/Qhigh; Qicw / Qwgh 2 ; Qi™ 2 /Qhigh 2 ; Qio* 2 / Qw 9 h 2 . 



27. A method according to any of the claims 22-26, wherein the correcting function is of 



30 

the form 
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\corr 
Qhigh J 



= BjQjovv 



+ b 4 qu ! +b s q;„qu + b,qu ! Q^ +b,qws»' 



+ B Q.W_ + B ,f' + B m J- + B„ 

Qhigh Vhigh- Vhi B b 



1 



+B 0 



28 A method according to any ofthe Cairns 22-27. where* each o. the responses (Q) is 
S an IntensHy (,). if necessary corrected with reaped* da* current of«he detectors. 

29 A method according to any ofthe daims 22-27. wherein each of the responses ,„ 
Omittance (T> hein, dertved fro™ Hen* as a raflo between intensity resdbng from 
measuring on an object and a reference intensrty. 

10 30. A method according to any of the daims 22-27. herein each of 

absorbance being defined as the negative logarithm to a tr—rce (A-togfJ)) such 
as logarithm base 10, the natural logarithm, or any other logarithmic frmcbon. 

« 31.Ame.hodacco ro ingtoanyofth e c,aims22-27,whereintheresponsesare 
absorbances being determined by calculating 

v»her«n the intense (I, are obtained in a measuring region o, the slave instrument ^by: 
exposing an object in the measuring region to low and high X-ray enenpes and 
detecting w«h detectors the Mm*. U*(low) and U^high) respectively 
detecting with the detectors the intensities W*>w) and l«(hlgh) from sard 
detectors when no radiation reaches them; 

^ exposing said detectors to the low and high X-ray energies signals when no object 
25 te present in the measuring region and detecting Ulow) and Wnrgn). 

32 A method according to any of the claims 22-27. wherein each of *e responses is a 
refledance (R) expressing the reflectance from the surface of the object. 

30 33. A method according to claim 32. therein the refledance (R) is linearized, preferably 
using the Kubelka-Munk transform (K/S=(1-R)/2R). 
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34. A method of determining a physical quantity for an object by a slave instrument, the 
method comprising 

determining for the object corrected high and low energy responses (Q m (ttn and 
Qiow corr ) by utilizing the method according to any of the claims 22-33, 
determining the physical quantity by applying on said corrected responses a 
calibrated functional relationship between Qw^and CW 00 " and a physical 
quantity. 



10 



35. A method according to claim 34, wherein the calibrated functional relationship being a 
functional relationship between a physical quantity and a sum of a plurality of terms, each 

. term being a product.of a calibration coefficient (B.) and powers of related responses 
(CU* and Qwgh 8 ), wherein each response being raised to a power being a positive or 
15 negative real number, or zero. 

36. A method according to claim 35, wherein the calibrated functional relationship 
comprises terms being of the form: Q lw n1 * d*." 1 wherein n1 and m2 are real numbers 
and/or integers, and wherein n1 is positive, such as comprises terms being of the form: 

20 CU, Q hl9h> CW 2 . <W a ^d CWCW, preferably comprises terms of the form: (WO** 
Qu^Qwahi Qiow * Qwgh 2 ; Q.aw 2 /cw: Q** I CW 2 ; (W/cW; CW 2 / <W- 

37. A method according to claim 36, wherein the calibrated functional relationship is of the 
form: 

F(0 = B,Q:„ +B,Q s w +T*A\J +B,Q' m ,' +B,QLQm» +B 6 Q*jQU + B,Q , ta .Q* ! 
+ B,f- + B,^ + BA + B„ 

VihiBh Vbigb ^ hiEh 



+ B 0 



38. A method according to any of the claims 34-37, wherein the calibration model is 
obtained by exposing the master instrument to a plurality of well-defined objects. 

30 39. A method according to claim 38, wherein the well defined objects are defined in the 
sense that the physical properties of the object have been established by a chemical 
process, such as an officially recognized reference method for the determination of the 
requested physical property. 
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40. A method according to any of the claims 34-39, wherein each of the responses (Q) is 
either 

an intensity (I), if necessary corrected with respect to dark current of the detectors; 
5 - a transmittance (T) being derived from intensity as a ratio between intensity 
resulting from measuring on an object and a reference intensity; 
an absorbance being defined as the negative logarithm to a transmittance (A=- 
log(T)) such as logarithm base 10, the natural logarithm, or any other logarithmic 
function; 

10 or 

a reflectance (R) expressing the reflectance from the surface of the object, the 
reflectance (R) is preferably linearized using the Kubelka-Munk transform (K/S=(1- 
R)/2R). 

15 41. A method according to claim 40, wherein, in case the responses are absorbances, the 
absorbances being determined by calculating 



and A Wgh =-log l0 



WW)- 

l*<higb) 



)-I^(hig h)1 



UOowM^Oow) J 

• wherein the intensities (I) are obtained in a measuring region of the slave instrument by: 

exposing an object in the measuring region to low and high X-ray energies and 
20 detecting with detectors the intensities IsampieOow) and UmpteChigh) respectively 

detecting with the detectors the intensities l da( k(lowj and Idark(high) from said . 
detectors when no radiation reaches them; 

and 

• - exposing said detectors to the low and high X-ray energies signals when no object 
25 is present in the measuring region and detecting Uirflow) and l a ir(high). 

42. A method of using a slave instrument for determining physical quantities, such as the 
fat content, of an object, such as food or feed, by use of dual X-ray.radiation, said method 
comprising: 

30 - scanning substantially all or all of the object by X-ray beams having at least two 
energy levels, including a low level and a level being higher relatively thereto, 
detecting the X-ray beams having passed through the object for a plurality of areas 
of the object; 

for each area of the object 
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- determining the object's response (Q lw ) at the low energy level and the 
object's response (Q h , gh ) at the high energy level, 

- correcting the responses so determined by utilising the correcting method 
according to any of the claims 22-33, 

5 and 

- determining the physical property by utilizing the method according to claims 34- 
41. 

43. A data processing system for providing a correction for a slave instrument, said 
10 system utilizes sets of responses being based on detecting attenuation and/or reflection 
and/or scatter of electromagnetic radiation, in particular X-ray, in/from ^.object exposed to 
said electromagnetic radiation in at least two spectral ranges, the set of responses 
comprises one or more pair of related responses (Q^ 8 and O^ 8 ) representing 
measurements performed with a slave instrument and a set of responses comprising one 
15 or more pair of related responses (Q,ow m and Qlh&*) representing measurements 
performed with a master instrument, said responses being obtained for a plurality, of 

stable objects and 

to each pair of related responses of the slave instrument corresponds a 
pair of related responses of the master instrument, 
20 . and to each element in each pair of responses of the slave instrument 

corresponds an element in the corresponding pair of responses of the 
master instrument; - 
said data processing system comprising 

means for accessing memory means wherein the responses (Qiov» m and Qwgh m ) of 
25 the master instrument and/or the responses (CW S and Q h tgh s ) of the slave 

instrument are stored, 

means, such as processor means, for determining based on the sets of responses 
a correcting function being a functional relationship between a ratio of related 
responses of the master instrument and a sum of a plurality of terms, each term 
30 being a product of a correcting Coefficient (B,) and powers of related responses 

(Q low s and Qw 9h s ) of the slave instrument wherein each response being raised to a 
power being a positive or negative real number, or zero, thereby determining a first 

set of correcting coefficients (B 0 ; B,; B 2 ) being multiplied on each of the terms, 

means for storing the first set of correction coefficients (B 0 ; B,; B 2 ). 

35 
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44. A data processing system according to claim 43, further comprising means for 
determining a further correcting function being a functional relationship between' a high ^ 
energy response of the slave instrument (Q Hgh 8 ) and related high energy response (Q high m ) 
of the master instrument, thereby determining a second set of correcting coefficients (a; 

5 p). 

45. A data processing system according to claim 43 or 44, wherein each of the responses 
(Q) is either. 

an intensity (I), if necessary corrected with respect to dark current of the detectors; 
10 - a transmittance (T> being derived.from intensity as a ratio between intensity 
resulting from measuring on an object and reference intensity; 
an absorbance being defined as the negative logarithm to a transmittance (A=- 
log(T)) such as logarithm base 10, the natural logarithm, or any other logarithmic 
function; 

15 or 

a reflectance (R) expressing the reflectance from the surface of the object, the 
reflectance (R) is preferably linearized using the Kubelka-Munk transform (K/S=(1- 
R)/2R). 

20 46. A data processing system according to claim 45, wherein, in case the responses are 
absorbances, the absorbances being determined by calculating 



A l0W =-log, 0 



__-^J and A m log^ la>(high) _ IdaA(high) j 



25 



wherein the intensities (I) are obtained in a measuring region of the slave instrument by: 
exposing an object in the measuring region to low and high X-ray energies 
and detecting with detectors the intensities Isampteflow) and Isampie(high) 
respectively 

detecting with the detectors the intensities Inflow) and Idark(high) from said 
detectors when no radiation reaches them; 

and 

30 - exposing said detectors to the low and high X-ray energies signals when no 

object is present in the measuring region and detecting Uflow) and l a ir(high). 

47. A correcting system comprising a slave instrument for obtaining responses and a data 
processing system for correcting the responses, the responses representing 
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measurement performed with the slave instruments and the responses being based on 
detecting by the slave instrument attenuation and/or reflection and/or scatter of . 
electromagnetic radiation, in particular X-ray, in/from a object exposed -to said 
electromagnetic radiation in at least two spectral ranges, the set of responses comprises 
5 one or more pair of related responses (CW and (W), said correcting system comprises 
processor means for determining the one or more pair of related responses 
(Q,™, 8 and Q high s ) based on measurement on an object with the slave 
instrument, 

means comprising processor means adapted to perform a correction of 
!0 responses by utilizing a correcting according to any of the claims 22-35, said 

processor means.comprises 

means for accessing memory means storing a first set of correction 
coefficients (B 0 ; B«: B 2 ) 

processor means for determining a ratio [CW Qwgnf" by the correcting 
15 function; 

processor means for determining the corrected high energy response 
Qhigh 00 " by the further correcting function; 

and 

processor means for determining the corrected low energy respo nse •Qi 0 w con ' 
20 by multiplying [QtoJQhiBh] 00 " by Qhigh 00 ^.. 

48. A system according to claim 47, wherein each of the responses (Q) is either 

an intensity (I), if necessary corrected with respect to dark current of the 
detectors; 

25 - a transmittance (T) being derived from intensity as a ratio between intensity 

resulting from measuring on an object and reference intensity; 
an absorbance being defined as the negative logarithm to a transmittance 
(A—log (T)) such as logarithm base 10, the naturat logarithm, or any other 
logarithmic function; 

30 or 

a reflectance (R) expressing the reflectance from the surface of the object, 
the reflectance (R) is preferably linearized using the Kubelka-Munk 
transform (K/S=(1-R)/2R). 
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49. A system according to any of the claims 43-48, further comprising storage means 
wherein a set of responses (CW and Q hl8h m ) for a set of stable objects measured on i 
master instrument are stored and /or storage means wherein the first set of correction 
coefficients (B 0 ; B,; B 2 ) and/or the further correcting function is stored. 

5 

50. A dual X-ray instrument comprising a system according to any of the claims 43-49 
adapted to carry out a method according to any of the claims 1-34. 
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